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Abstract 
A new LAPS (light-addressable potentiometric sensor) set-up will be introduced, in which the light sources are miniaturised by 
the utilisation of a VCSEL (vertical-cavity surface-emitting laser) array to increase the measurement spot density. An FPGA 
(field-programmable gate array) is used to generate modulation signals for an individual illumination of each measurement spot 
of the LAPS. The new set-up can operate a large number of measurement spots simultaneously by reading out the sum-
photocurrent and separate the signals of the individual measurement spots by FFT analysis. The frequency, amplitude and offset 
of the modulation signal can be configured for each measurement spot programmatically. 
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1. Introduction 
LAPS is a field-effect-based chemical sensor for the determination of the analyte concentration at the sensor 
surface (e.g., the pH value) [1,2]. It consists of a silicon-oxide-transducer sandwich structure (see Fig. 1a). A 
modulated light source is used to generate a local stimulus in form of photons which penetrate into the 
semiconductor and generate electron-hole pairs inside the semiconductor. Under the presence of a space charge 
region, the electrons and holes can be separated and an external electrical current to compensate this effect is 
detectable. The size of the space charge region depends, beside the semiconductor material parameters, mainly on 
the externally applied bias potential between the sensor structure. For an n-type silicon the space charge region 
decrease from a negative towards a positive potential on the front side. Thus, the amount of photocurrent is high for 
a negative applied bias voltage and drops towards positive potentials. By sweeping the externally applied bias 
voltage, the typical I/V curve of a LAPS structure can be recorded. At the interface between the ion-sensitive 
transducer and the analyte solution, a Nernstian potential occurs depending on the ion concentration in the solution. 
This Nernstian potential will be locally superimposed on the applied bias voltage, resulting in a horizontal shift of 
the I/V curve. By focusing the light to different regions on the sensor structure, a laterally resolved measurement of 
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 this shift and hence, with the help of an initial calibration step, the determination of the local analyte concentration 
can be performed. More information about the LAPS principle and LAPS applications can be found elsewhere [3-5]. 
2. Motivation 
Former LAPS set-ups followed two different concepts to address locally different regions on the LAPS surface. 
One method uses a focused laser beam and a linear positioning stage in x and y direction to move the laser beam to 
different points of interest. Often, this method is used in a scanning manner, i.e., after the scan of a complete line in 
x direction the stage will move a certain distance in y direction to scan a new line, until a complete “image” of the 
sensor surface is recorded [6]. However, this method can be relatively slow and bulky mainly depending on the 
speed and size of the positioning stage. The second method defines discrete measurement spots by addressing those 
spots with an array of light sources [7,8]. Since no positioning is required between single measurements, this 
concept results in faster measurement time and smaller set-ups, however, it limit the amount of measurement spots 
to a fixed value. Former set-ups of the latter method suffer from the size and density of individually addressable 
arrays of light sources. The increase of the measurement spot density is highly needed for a further miniaturisation 
of LAPS-based set-ups, e.g., for multiple detection of different analyte concentrations in micro-channel systems and 
for the design of fast chemical-imaging systems with a high spatial resolution. 
Another challenge is the proportional increase of the overall measurement time with the increase of available 
measurement spots. It was demonstrated that the speed of the LAPS read-out process can be significantly increased 
by the utilisation of different modulation frequencies at different measurement spots and a subsequent FFT analysis 
of the resulting sum-photocurrent [9-11]. This requires an individual modulation signal for each measurement spot. 
First set-ups with conventional discrete signal generators reached quickly a limitation for the number of possible 
modulation sources, due to complexity, space and costs. In this work, an FPGA-based system used as a multi-signal 
generator unit provides simultaneous operation of many LAPS measurement spots (see Fig. 1a). By using this FPGA 
approach the electronic unit to operate the LAPS can be up-scaled for larger system or easily modified for different 
set-ups programmatically. 
a) b)  
Fig. 1. a) Schematic representation of the new LAPS set-up; digital signal generators implemented in FPGA-design drive an array of VCSEL 
diodes, which are reside close to the rear side of the LAPS structure. b) Photography of the 1x12 VCSEL array (0.5 mm x 3 mm, 250 µm pitch) 
mounted on a PCB, together with magnification of the VCSEL array (right). 
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3. Set-up and Measurement  
The new LAPS set-up utilises a miniaturised VCSEL-diode array (λ = 850 nm, Popt_max = 2 mW) with a pitch of 
250 µm to read-out a complete line of measurement spots (see Fig.1b). The array consists of 12 VCSEL diodes on a 
single substrate with a total size of 3 mm. The VCSEL array is mounted on a PCB (printed circuit board), connected 
to tracks on the board by means of wire bonding. The PCB is connected via a transistor array with the FPGA board. 
The VCSELs are placed close to the rear side of the LAPS structure to minimize the optical pathway and to limit 
external disturbances. The LAPS structure is attached to a measurement cell filled with an analyte solution. A 
reference electrode and a gold rear-side contact are used to apply the necessary bias-voltage through the LAPS 
structure. The generated photocurrent of the LAPS structure will be passed to a transimpedance amplifier which is 
connected via an A/D-converter to a PC. The required FFT analysis to isolate the amplitudes of the different 
measurement frequencies are performed online on the PC. Finally, the I/V curves are generated by plotting the 
resulting signal amplitudes of each measurement spot vs. the applied bias voltage. 
The individual signal generators for the VCSELs are described in VHDL (VHSIC (very high speed integrated 
circuits) hardware description language). Amplitude, frequency and dc-offset of each signal generator can be 
programmed over an implemented SPI (serial peripheral interface) unit. A Xilinx, Spartan 3A (XC3S400A)-based 
board (obtained from AVNET) provides the required hardware to modulate all 12 VCSELs simultaneously. Fig. 2a 
depicts a schematic representation of a single signal generator unit implemented in the FPGA. Each signal generator 
port creates an individual upper and lower PWM signal, defined by the parameters “up” and “down”. Depending on 
a common clock signal and the individual divider value (“div”) either the upper or lower PWM signal is selected. 
An additional low pass filter might be used to smooth the resulting modulation signal. Fig 2b) shows the 
corresponding timing diagram of a single generator unit. 
a) b)  
Fig. 2. Schematic representation of a single signal generator unit implemented in the FPGA (a) and the corresponding timing diagram (b). 
Fig. 3 depicts exemplary I/V curves obtained by the above mentioned method for a pH-sensitive LAPS structure 
(n-type Si / SiO2 / Si3N4) for a single VCSEL diode at pH values of 4, 7 and 9. The signal generator inside the FPGA 
was set to drive the VCSEL with a modulation frequency of 1 kHz. The horizontal shift of the trajectories is caused 
by the change of the pH value and can be determined by the calculation of the inflection points. The inlet picture 
depicts the resulting bias voltages with respect to the pH values. A sensitivity of 44.7 mV per pH decade could be 
determined.  
4. Discussion and Outlook 
The first measurement results demonstrate that the new LAPS set-up can be used to record individual I/V curves 
for each measurement spot. The utilisation of a VCSEL array and the beneficial combination of an FPGA-based 
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 signal generator system allow the definition of a high-density array of measurement spots and to operate them 
simultaneously for the reduction of the overall measurement time. 
The generation of individual modulation signals for the VCSELs can be scaled up with the presented FPGA 
approach towards several hundred of measurement spots. Currently, the authors investigate the design of a “flat-bed 
scanner” set-up which combines a simultaneously operated single line of VCSELs attached perpendicular to a linear 
positioning system. This set-up will combine the benefits of both methods described in the section 2. 
 
Fig. 3. Exemplary measurement of a pH-sensitive LAPS structure with the new set-up; photocurrent vs. bias voltage plots of a single VCSEL 
diode and corresponding calibration plot (inlet) for pH 7, pH 9 and pH 4. 
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